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By JOHN EOFB, F.G.S.
(PLATE VI.)
TX7HEN reading the very interesting article1 in the "Student"
}/V for October last, " On the Deep Sea," by Dr. Carpenter, I
was struck by the description of an Echinidan, which had been
dredged up, and which is represented as looking "externally like
a sea-egg flattened by pressure; it was about five inches in diameter,
and of a brilliant crimson hue. Its test being composed of plates,
separated by membrane, instead of being united by suture, was
quite flexible, so as to resemble an armour of chain mail rather
than the inflexible cuirass with which the ordinary Echinida are
invested." This statement as to the flexibility of the test so coiv
responds with what I have long suspected to be the case with some,
at least, of the Crinoids, that I have been induced carefully to re-
examine a large number of specimens, both of heads and columns
of fossil, and to make some experiments on recent Crinoids; and
I propose now to state shortly the result, and to suggest some points
for the consideration of those who may take an interest in such
subjects, and who are better qualified than I am, by their knowledge
of the animal kingdom, to give an opinion on them.
That the Crinoidea, both recent and fossil, have or had flexibility
in their columns, rays, and side-arms, cannot admit of doubt; the
two latter, from their nature and use, must have been flexible, and
sometimes fossil columns are found so much curved that they might
at a casual glance be mistaken for Ammonites, and they frequently
have the appearance of being furnished with a membrane or cushion,
intervening between the plates, expanded on the outer side of the
circle so formed, and contracted on the inner. A membrane so
situated would, like the intervertebral substance (cartilage) in the
vertebrata, evidently admit of this flexure, and such has been sup-
posed to exist by Messrs. Austin and others. The so-called screw
1
 " The Student," Tol. T., 1870, p. 361.
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stones,1 so common in the Chert of Derbyshire, there is good reason
to believe, are in reality siliceous pseudomorphs of this membrane,
the calcareous part of the column having been entirely dissolved and
removed. (See Plate VI., Fig. 8.)
To test this belief, some portions of a Pentaerinus eaput-mednsce
were procured, and a few joints of the column gently boiled for
some minutes in a test tube with liquor potassa, when the membrane
was dissolved; some of the plates fell asunder, and the others were
easily separated, whilst warm, by the point of a needle. The
figures formed by the articulating surfaces are beautifully defined,
as shown in Kg. 1, where the five radiating elliptical lobes a, a, are
well seen. The central aperture, generally called the alimentary
canal, is surrounded by a ring, in which there is seen a circle oft
minute tubes,3 indeterminate in number. The interspaces between
the lobes are of reticulated, or, perhaps more correctly, of vesicular
structure. The lobes are similar in structure, but are pierced with
innumerable small tubes or pores, through which pass the fibres
below described. This experiment leaves the calcareous portion of
the joints of the column in a state similar to those separated by the
natural decomposition of the membrane, and found fossil, in many
limestones, such as the Saint Cuthbert's beads from Holy Island.
Having thus separated the calcareous part, to exhibit the membrane,
another portion of the column (which had been accidentally frac-
tured longitudinally, but leaving the central opening and the whole
of three lobes perfect) was slowly decalcified by very dilute muriatic
acid, occasionally adding more acid when required, as shown by the
cessation of chemical action, until the decalcification had gone as
far as it was prudent in this instance to carry it, as it was doubtful,
if the whole of the lime were removed, whether from the fracture
the fibres would not have collapsed. Very shortly after chemical
action commenced bundles of very fine fibres (above alluded to),
and insoluble in the acid, were visible, projecting from the lobes
a, a, at both ends of the specimen, and the fibres were visible in the
broken lobe the whole length of the fracture. Figure 6 shows the
fibres from one of the broken lobes, the cross lines being the
membrane between the calcareous plates. This membrane was
found to envelope every joint on every side, and the longitudinal
fibres passed through it as in this figure. The longitudinal fibres
being probably the organs by which the motion of the column is
produced and regulated, and the membrane that by which fresh
matter, necessary for growth or for repairs of injury, is secreted.*
A decalcified section of a portion of the column, allowed to dry,
shows that the central canal is lined by the membrane and connected
to that between the plates, and thus with the longitudinal fibres.
(See Plate VI., Fig. 3.)
1
 See Buckland's Bridgewater Treatise, new edition, p. 393.
8
 A similar circle of minute pores is very perceptible round the central canal in an
oral plate of the column of a Piatycrinus, from Mountain Limestone, in my collection.
s
 In Volume VI. of this Magazine, p. 351, some cases are described in which new
layers are formed round and inclose foreign matter attached to the column.
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The column of the recent Pentacrirms (on. which these experiments
were made) has a pentagonal floriform section, and, as above stated,
has the longitudinal fibres distributed amongst the five lobes and
the ring round the central canal, but the columns of many of the
Mesozoic and most of the Palaeozoic Crinoids are circular in section,
and in these the fibres appear to be confined to the part of the
column adjacent to the central canal. With respect to pentagonal
columns, Messrs. Austin state that " there is one character which
distinguishes those from the Lias and more modern strata from the
pentagonal columns which existed in the Carboniferous seas, namely,
the former invariably articulate by pentagonal, crenated, star-like
forms, while the articnlating surfaces of the latter are furrowed by
linear striaB radiating from a central axis." There is much difficulty,
however, in detecting the fibres in fossils, owing to mineralization,
which, in a majority of cases, has obliterated organic structure, and
it is not very easy to distinguish them, even in the recent column,
until the calcareous and the animal constituents are separated.
A few joints from one of the side-arms of the column were next
boiled in liquor potassa (Plate YL, Figs. 4 and 5), with1 the same
action on the membrane, but in these the calcareous plates were
slightly elliptical in outline, with a mesial ridge on the transverse
axis, and strongly resemble the elliptical plates of the column
of the Mountain Limestone Platyerinus. Some connected joints of
the same side-arm were decalcified so perfectly that they floated
in the calcareous solution, but preserving; the membrane on all sides,
whilst at each face of the section, when mounted for the microscope,
Were exhibited, with a low power, two tufts of fibres, one on each
side of the median ridge. (See Plate ¥1. , Fig. 7.)
I may here remark that, in breaking off a portion of a side-
arm, these fibres draw slightly from the lobes before they rend,
and may, with the help of a pocket lens of moderate power, be
distinguished without any preparation. The rays and pinnulae acted
on in the same manner give similar results, and indicate a calca-
reous skeleton surrounded by a membrane or epidermis, which,
in the extreme joints, is almost semi-corneous. The calcareous
portions show the groove on the npper side of the ray, and the
pinnulae have the same grooved section to their extremity. This
may be found also in the pinnulse of many of the Crinoids of the
Silurian and Mountain Limestone formations, and probably in the
Crinoids generally, but not universally, as Bhodocrinus, for one,
appears to be without gooves to the arms.
These experiments on the recent Crinoids, combined with the
structure shown in the screw-stones, appear to prove the envelop-
ment of the joints of the column, pinnulae, rays and side-arms by
an elastic membrane, capable of allowing a certain limited power
of motion.
With regard to the heads, we have no recent calices to ex-
periment upon, but we have heads, and plates from them, so
identical in their condition with the screw-stone casts that very
little doubt can arise that the plates of that part of the animal
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were also enveloped in, and connected to each other by, a similar
membrane, and not by sutures, and were so far analogous to the
Echinidan described by Dr. Carpenter. When the test is entirely
calcined, as is mostly the case when in solid rock or encrinal marble,
the joints of the plates have a minutely wrinkled surface, probably
due to the junction of the membranes which have become calcified,
and apparently form part of the substance of the plate, and these,
being in actual contact, would not suggest the idea of any power of
modifying the form of any part of the calyx. But specimens are
occasionally found, some of which are in my collection, which, like
the screw-stones, are represented only by a siliceous pseudomorph of
the membrane surrounding the plate, from which the calcareous part
has been removed. In these cases the membrane retains its shape
and separate existence, and where any of the calcareous nucleus
remains, as is sometimes the case, it may easily be separated by
dilute acid, frequently leaving the external form of the fossil and
the outer covering and ornamentation of the plates perfect. The
heads generally have the appearance of being much weathered and
partially decayed empty tests, but still having the external cha-
racters so visible that the genus, and not uncommonly the species,
may be distinguished. Some of them had been in my possession
some time, when Mr. Parker, of Manchester, well known in the
district for his knowledge of Bolland and Clithero fossils, called
my attention to the fact of their being siliceous, as they would
scratch glass. On this hint I made some experiments which
justified Mr. Parker's suggestion, and combining this with the
siliceous screw-stones of which I was before aware, it appeared a
fair inference that, in the one case as in the other, the animal
membrane was replaced by silica and thus apparently preserved,
whilst the calcareous portion of the echinoderm had been dissolved
and removed, and that the plates of the head as well as of the
column were united by membrane, and not by suture, and were
consequently flexible.
Specimens of Actinocrinus and Bhodocrinus have been found in
this state, and Fig. 9, Plate VI., shows a portion of a Bhodocrinus in
which sections of the membranous envelopes of some of the plates
are seen in contact, but the calcareous centres or cores have been
dissolved out.
Detached plates of an Echinidan from the Mountain Limestone
are not unfrequently found near Clithero, which are also enveloped
in a siliceous case, and in many instances, although detached, a con-
siderable number of plates are found so close together as to have the
appearance of being part of an Echinidan flattened out by pressure.
That the enveloping membrane should be sometimes calcified, as
it undoubtedly is in encrinal marble and in limestone generally, and
at other times silicified, as in the chert and in the cases under con-
sideration, is a subject which will admit of more than one hypothesis
equally applicable to fossils in Chalk and flint, but which has no im-
mediate connexion with the present question.
Miller, who, in his work on the Crinoidea, assumes the proboscis
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"to be the mouth, describes it as being situated in the centre of a
plated integument -which extends over the abdominal cavity, and is
capable of being contracted into a conical or proboscidial shape;
and Messrs. Austin also express their opinion that some Crinoids
had a limited power of expansion and contraction of the upper part
of the body. This change of shape would be permitted by the
membrane under consideration, supposing it to be elastic, and it is
very probable that the whole test, like the Echinidan alluded to by
Dr. Carpenter, was to a certain extent pliable and capable of adapt-
ing itself to the necessities of the animal; for we rarely find two
specimens of even the same species exactly symmetrical; the dome
in many cases, where proboscidial, being elevated so as to form a
cone, at the summit of which is the proboscis, whilst in other speci-
mens of the same species, identical in every plate and found in
close proximity, the dome is nearly flat and the proboscis projecting
but little from it. The axis of the calyx" also is frequently not in
a right line with that of the column, the base plates of the cup
being apparently slightly contorted, giving it the appearance of
drooping or leaning to one side. The plates of the calyx are also
frequently distorted (although not fractured), as if by pressure,
thus showing an amount of flexibility or elasticity. The com-
pressibility of the investing membrane, if not of the plate itself,
is also evidenced by the not uncommon occurrence of a portion of
a column, when falling to pieces by the decay of its membrane,
being pressed against and becoming' partially imbedded in a plate of
a calyx, and, when removed, leaving such a mould as would be the
result of its being squeezed into a plastic material.
Before considering the application of this power of expansion and
contraction, we may shortly refer to another point in the organiza-
tion of the Crinoids. In the year 1858 Mr. Billings, in "the
third decade of the Canadian Organic Eemains-," announced the
existence in some of the Crinoids of certain " tunnel-like passages,
which lie under the external plates and extend' nearly to the apex of
the dome," and in 1865 these passages were more minutely de-
scribed by me in a paper in this MAGAZINE, Vol. II., p. 245, and it
was there suggested that they might be for the purpose of supply-
ing food to an internal mouth as well as water for respiration.
Since that date Professor Loven has published an account of a recent
Australian Echiuoderm (Crinoid?), the Hyponome Sarsi, Loven, from
which the following description is extracted:—
" The general appearance of this very remarkable Echinoderm is
that of a small Star-fish, or a Euryalid. It has a disk, convex on
the ventral surface, flattened on the dorsal." " As in the recent
genera, Antedon and Pentacrinus, a large conical proboscis-like funnel
rises in one of the interradial spaces of the ventral surface of the
disk, and from a point situated a little before the centre of the same
surface five narrow channels, protected by marginal scales, radiate
and defurcate thrice, and run out on the rays and their branches."
"On the rays the channels are open, but upon the disk between
their first bifurcation and their common starting-point, their marginal
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scales close over them, forming a vault, so that the five ohannels are
converted into covered ducts converging into a common subcentral
aperture, concealed beneath the integument and not visible from the
outside. In the covered parts of the channels I found masses, con-
sisting of microscopic Crustacea, larval bivalves, and other remains
of the food of the animal, apparently taken through the ends and
open parts of the channels, and on its 'way through their covered
parts to the concealed mouth." The description here given of the
ventral disk and the covered channels, to the central internal mouth
of the Hyponome, closely agrees with that of similar covered
channels on the disk of a Oyathocrinus in my paper above alluded
to, and strengthens the suggestion therein made that the mouth of
these Crinoids was central and internal, and adds to the probability
that the Crinoids as a rule had an in-current, excited by cilia or by
the fimbriated pinnulee on the sides of their channelled arms, which
passed through the covered passages to the internal mouth. If this
is allowed, and in the case of the Hyponome it can scarcely be
doubted, there can be little hesitation in assuming that the pro-
boscis in some Crinoids and the lateral or interbrachial openings
in others, is the anal aperture for the ex-current. In this case
the animal being provided with an in-current and an ex-current open-
ing, as in the Tunicata, would thus approach the Molluscoidea.
In some other respects there appears to be an approximation of
some of the Crinoidea to some of the Tunicata, as in the pyramidal
valvules of Cystidea and the Chelyosoma; and the outer tough
bags of some of the Tunicata also contain radiated ooncretions
sometimes siliceous, but more frequently ealcareouSj thus approach-
ing the test of the Echinodermata. If also, as is above supposed,
the Crinoids received their nourishment and the water necessary
for respiration through the arms and the eovered channels connected
with them by an internal mouth, probably the power of expansion
and contraction above alluded to may have been used by the Crinoids
for the purpose of rapidly ejecting water to clear the internal
passages, as is done by the Ascidium or sea-squirt, and by the mol-
lusca generally.
No doubt many objections may be raised to this supposed approach
of two different and perhaps distinct orders; we know, however,
that nature draws no hard lines, but abounds in connecting links,
and it may be possible that the Molluscpidea and the Echinodermata
are connected by the link now suggested.
EXPLANATION OF PLATE VL
Fig. 1. Plate of the column of reeent Pentaerinus caput-medusce, after boiling in
Liquor potassa. Magnified seven times.
a. a. a. The five radiating elliptical lobes.
Fig. 2. Gross-section of another plate, similarly treated, showing the tubuli and
pores.
Fig. 3. Plate of column of same, decalcified by very dilute Muriatic acid, and then
allowed to dry, showing the central axis and the shrunk lobes.
Fig. 4. Joint from one of the side-arms in the column, boiled in Liquor potassa.
Fig. 5. Unprepared side-arm, broken off, showing the fibres projecting from the pores.
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Fig. 6. Bundle of fibres from fractured lobe of column of recent Pentacrinus. The
cross-lines show the intervening membranes of the column.
Fig. 7. Side arm of recent Pentacrinus, decalcified by very dilute Muriatic acid,
showing tufts of fibres on each side of the median ridge.
Fig. 8. Specimen of Chert with " screw-stone." In this specimen the silicified
membranes at one end are perfect, and extend to the circumference, but
more than half are broken on. Drawn of the natural size.
Fig. 9. Magnified drawing, showing silicified margins of plates, forming part of body
of Rhodoerinut, apparently the pseudomorph of the membrane in which each
plate was enveloped.
I I . — O N THE MICROSCOPICAL STBTJCTUBE AND COMPOSITION OF A
P H O N O L I T E FBOM T H E " W O L B 1 B O C K . "
By S. ALLPOBT, F.G.S.
With a Chemical Analysis by Mr. J. A. PHILLIPS.
nnHE rook described ia the following paper is, I believe, new to
X British petrology; and as the value of mierosoopical analysis is
not yet fully recognized, a detailed description may be acceptable
to many readers of the GEOLOGICAL MAGAZINE. The specimens
examined were kindly sent to me by Mr. J. A. Phillips, together
with a chemical analysis, which, with his permission, is also added.
The "Wolf" is a rugged rock lying about nine miles south-east of
the Land's End, and covered by the sea at high water. At low water
of spring tides its length is about 175 feet, and its breadth 150
feet. Its highest point at low water is 17 feet above the level of the
sea, whilst at high water it is covered by it to a depth of 2 feet.
Examined by the eye or simple lens, the rock is seen to consist of
a yellowish-grey compact base, in which crystals of clear glassy
felspar are embedded; they exhibit no strise; their fracture is sharp
and splintery.
A thin section examined in polarized light with crossed prisms
exhibits a beautiful group of crystals of felspar and nepheline por-
phyritically embedded in a fine-grained matrix composed of minute
crystals of nepheline, felspar, and hornblende; when cut very thin,
the hornblende alone exhibits colours, the hexagonal sections of
nepheline being black, the rectangular white; the felspar is also
either dark or light, and the general appearance is that of a mosaie
of dark and light stones interspersed with small brilliant coloured
crystals of hornblende; the whole forming a matrix in which the
larger crystals are set. In thicker sections the felspar and nepheline
display fine colours, but the minute structure is not so well seen.
The microscopic constituents are for the most part evenly dis-
tributed throughout the base, but not unfrequently they are crowded
together along the sides of the larger crystals and irregular grains of
nepheline, This is an important fact, as it clearly indicates that both
the nepheline and the smaller crystals had been formed while the
surrounding mass was still in a plastic state; it would also appear
that the felspar was the last to crystallize, as it frequently incloses
